
496

Investigating Human Scale Spatial Experience

VILLE PAANANEN, Center for Ubiquitous Computing, University of Oulu, Finland
JONAS OPPENLAENDER, Center for Ubiquitous Computing, University of Oulu, Finland
JORGE GONCALVES, School of Computing and Information Systems, University of Melbourne, Australia
DANULA HETTIACHCHI, School of Computing and Information Systems, University of Melbourne,
Australia
SIMO HOSIO, Center for Ubiquitous Computing, University of Oulu, Finland

Fig. 1. Field interviews on the topic of safety using a technology speculation probe.

Spatial experience, or how humans experience a given space, has been a pivotal topic especially in urban-scale
environments. On the human scale, HCI researchers have mostly investigated personal meanings or aesthetic
and embodied experiences. In this paper, we investigate the human scale as an ensemble of individual spatial
features. Through large-scale online questionnaires we first collected a rich set of spatial features that people
generally use to characterize their surroundings. Second, we conducted a set of field interviews to develop
a more nuanced understanding of the feature identified as most important: perceived safety. Our combined
quantitative and qualitative analysis contributes to spatial understanding as a form of context information
and presents a timely investigation into the perceived safety of human scale spaces. By connecting our results
to the broader scientific literature, we contribute to the field of HCI spatial understanding.

CCS Concepts: • Human-centered computing → Empirical studies in HCI; HCI theory, concepts and
models; Field studies; Interaction design theory, concepts and paradigms.

Additional Key Words and Phrases: spatial experience, architecture, interaction design

1 INTRODUCTION
Spatial experience is a multidisciplinary subject that can be approached through various different
analytical lenses [12]. For instance, the traditional Cartesian understanding of spaces is beneficial
for contexts which require mathematical precision, such as building construction. Precise geo-
metric understanding does not, however, account for spatially formed human behaviours, such as
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dwelling, interacting, or encountering [22]. These are all also pivotal in HCI as a form of context
information [10, 12]. Spaces can also be understood through other attributes, such as structural
properties, form and design, or even personal meanings and perceptions. As a result, to deeply
understand a space and its interaction affordances requires also a careful analysis of its subjective
constituents [24].
The proliferation of embedded interactive technologies in the built environment calls for new

methods to understand the spaces, as their complexity is beyond what can be accounted for
with traditional methods [1, 27]. Such methods are often discussed in the emerging sub-field of
HCI, Human-Building Interaction (HBI). Following the technological development of ubiquitous
computing and smart cities, HBI investigates our built environments as spaces where new types
of interactions take place [1]. For example, HBI asks what attributes and aspects of our new built
environments might HCI researchers have thus far overlooked? Further, in HCI, fully understanding
people’s context has always been critical to creating useful and usable applications. The ISS
community specifically has embraced exploring spaces as contexts where interactions take place (see
e.g. [16]). In this paper we set to explore human scale spaces through their subjective constituents,
as also recommended in [24]

We investigate spatial experience on the human scale. Human scale environments focus on eye
level human experiences in rooms, streets, and homes, as opposed to motorways, skyscrapers,
or apartment complexes in architectural design [17]. We build toward a vision of being able
to computationally capture and represent spatial experience by breaking a space down to its
constituents that are subjectively meaningful for humans, i.e. spatial features. Investigating the
features that together constitute space is a surprisingly unexplored topic in the scientific literature,
especially on human scale. To form an understanding of this topic, we conducted two studies. In
Study 1 we employed online questionnaires to form a nuanced understanding of the spatial features
that people find as subjectively important in explicating a space. Second, and as a direct result of
the analysis of Study 1, we conducted field interviews in authentic human scale environments to
gain a deeper understanding of the top-ranked feature, perceived safety, and to speculate about the
design of potential related spatial technologies.

The key contributions of this paper are:

(1) Spatial Features: We present an investigation into the distinct spatial features that can be
used to understand human scale spaces.

(2) Technology Speculation: We present semi-structured interview findings regarding a single
spatial feature — safety.

(3) Discussion: We place our findings in the broader context at the intersection of HCI and
architecture through guidelines for developing technologies.

The first study revealed subjective presence, active involvement, and structural aspects as key themes
that people build their spatial experience on. The field interviews concerning the most important
individual feature — safety — uncovered further quantifiable aspects to it, such as general visibility,
amount of light, and presence of others. Technology-wise, participants perceived potential not only
in self-tracking and surveillance technology but also brought up the temporal dimension as an
avenue to explore. Our study on spatial experience on the human scale contributes to the literature
of how humans understand spaces and provides further research opportunities in the nexus of HCI,
HBI, and architecture.
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2 RELATEDWORK
2.1 Spatial Experience
The subject of spatial experience is relevant to various fields. The cognitive aspects of spatial experi-
ences are relevant in psychology, geography, architecture, urban planning, linguistics, anthropology,
biology, and computer science [36]. The plurality of viewpoints these fields provide leads to a rich
understanding of how humans exist and experience spatially. On the one hand, individual factors,
such as person’s current mood, their cultural background, and their physical abilities, have an effect
on the qualities of the spatial experience. On the other hand, spatial experience is shaped by various
features of the environment. To aid understanding, different models for these viewpoints have
been developed, for example Montello [36] articulated architecture’s effect on physical, mental,
and sociocultural experiences.
In psychology, findings have shown links between the experience of space and how human

brains structure information. The ability to hold internal cognitive maps of the environment has
been well understood in psychology, but recently more information on the neural structure of
these representations has been discovered [19]. Relevant to perception and meaning-making, taller
buildings have been found to contribute negatively to psychological restoration [33]. Further, home
has been found to correlate more with positive mood, and personality traits affect a person’s expe-
rience of spaces [43]. And recently, using physiological and qualitative measures, the geometrical
features of spaces have found to have an effect on human emotions [46]. In the field of social
neuroscience, Lederbogen et al. [30] found that living in urban environments is a risk factor for
social stress, which can be used to predict schizophrenia. These examples make a case for cognitive
understanding of human spatiality.

Applying the research from environmental psychology in urban design, Gehl [17] focuses on the
importance of movement, distance sensing, and vision in the perception of the urban environment.
The phenomenological approach of understanding how we perceive spaces has been found to be
relevant for architectural design [40]. In the field of proxemics, the cultural aspects have been found
to correlate with interpersonal distances and how humans use and take space [20]. Further, spaces
can be understood as a structure for labor, power, or social meanings [31].

These examples reveal the scope of spatial experience: the experience of spaces is truly embodied,
stemming from the human body through the perceptual system, motor abilities, and cognitive
functions. As social beings, humans share spaces with each other, shaping how we use spaces and
what meanings we assign to them. With the rise of computer systems, however, a need to be able
to describe spaces in a machine-readable format has emerged. To this end, an analytic methodology
called space syntax allows to analyze urban environments as networks of distances and visibilities,
and how humans contribute to place-making [22]. Following the space syntactical approach, Kuliga
et al. [29] for instance evaluated spatial experiences in the Seattle Public library. Their work resulted
in a syntactical set of six descriptive word pairs. These are unsafe–safe, narrow–spacious, closed–open,
monotone–varied, public–private, and inaccessible–accessible.

2.2 Spatial Experience in HCI
Seminal work in ubiquitous computing highlights how context has always been an important but
too often overlooked aspect in application design [10]. Given how technologies that allow for
applications to be built are constantly evolving, application use contexts change too. As technologies
can now be built in our environments (e.g. public interactive touch screens [18]) or taken with us
on the go (smartphones, augmented reality), new methods for understanding and digitizing also
spatial understanding are being constantly investigated. Location-based data mining from social
media [9, 25, 26, 52] now allows for large-scale data analysis. Crowdsourcing human experiences
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of places [8, 14, 24, 51] can further provide authentic experiences of spaces in the urban scale. As
a particularly relevant example to our work, Goncalves et al. explored how to build a collective
subjective understanding of a space using gamification and touch screens. In thier work, people
played a simple game on the screens to rank-order adjectives from the English dictionary to describe
their immediate surroundings [18]. While these examples are in the context of urban spaces, HCI
has always recognized the need for human scale spatial understanding to support designing better
applications.
On a pair of seminal papers on human scale spaces and places in HCI, Harrison and Dourish

[21] and Dourish [12] brought focus to the understanding of humans’ spatial dimensions and how
the concepts of space and place can be used in design. While these concepts have brought new
concrete tools to understand spaces, in the grander scope of HCI spatiality is also investigated as a
factor in designing any types of spatial technologies (see e.g., [1, 27, 28, 32]).

HCI is now seen as integral to architecture as well. Many modern spaces are equipped with tech,
sensors and AI-driven solutions [1]. To highlight just some of the challenges of spatial understanding
that emerge as a result of this, Kirsh [27] focuses on the notions of interaction and interfaces in such
tech-augmented environments. The differences between these field run deep: “People don’t read
buildings the way they do HCI interfaces” [27]. The limitations of traditional interaction patterns
in terms of agency, intention, and control serve as a strong argument that we need to frame our
thinking in a new way when thinking about spatiality in HCI. For example, proxemics has been
suggested as an effective framework for describing how movements and orientations people have
with devices can inform design [3].

Perhaps most related to this article, the rapidly emerging field of HBI aims to make sense
of human experiences in buildings that increasingly incorporate technologies such as artificial
intelligence and new forms of interactivity through e.g. augmented reality or other ubiquitous
computing tech. Specifically the human experience within such environments is a key research
interest in HBI [1], which itself is positioned in the intersection of HCI and architecture. In this
article we set to advance the understanding between these fields by investigating what spatial
features are pivotal for constructing people’s subjective experiences on human scale. Second, we
provide a deeper look into speculative design for the feature that people found as most important,
safety.

3 STUDY 1: SPATIAL FEATURES AS CONSTITUENTS OF SPATIAL EXPERIENCE
3.1 Design
To gain an understanding of which specific aspects (i.e. spatial features) do people find as important
in describing their spatial experience, we deployed an online questionnaire to Prolific1. Prolific is
crowdsourcing platform for scientific studies, known for its broad suitability for qualitative and
creative tasks [39].

We were interested in deriving a list of spatial features "from scratch", i.e. letting the participants
freely describe any and all features of a space they find as important in being able to characterise
it. In addition to this, we asked participants about how much do they pay attention to the spaces
around them in general. The questionnaire items are listed in Table 1. The demographic information
was available through Prolific.

3.2 Results
3.2.1 Participants. We recruited 102 participants over the course of one day. Participants (39 male,
63 female;𝑀 = 34.7 years, 𝑆𝐷 = 12.2 years) were primarily located in the United Kingdom (83.3%),

1www.prolific.co

www.prolific.co
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Table 1. Study 1 questionnaire items.

No. Question Type
Q1 How do you understand the phrase “spatial experience”? Text
Q2 How often do you pay attention to the design of such spaces

around you, i.e. the built design of a space?
7-point Likert (1 - Not at all often,
7 - Extremely often)

Q3 How often do you pay attention to what is going on around you
in such spaces, i.e. everything else than the built environment
itself?

7-point Likert (1 - Not at all often,
7 - Extremely often)

Q4 Which spatial features do you find as most important as describ-
ing spatial experience? These can be literally any features of
the space, such as those that you can sense with any of the five
human senses or even ones that can be communicated through
other means. Feel free to write as many as you can think of, but
only include the ones that you consider as important!

Text

with a minority of participants in other countries (US 8.8%, Australia 2%, Ireland 2%, Canada 1%,
India 1%, New Zealand 1%, Philippines 1%). We limited participation to participants with English as
the first spoken language and a minimum of 50 successfully completed tasks.

The participants’ response to how much they paid attention to built spaces (Q2) was (𝑀 = 3.95,
𝑆𝐷 = 1.38) and to everything else (Q3) such as interaction around them was (𝑀 = 4.25, 𝑆𝐷 = 0.96).

3.2.2 Qualitative Analysis. Next, we thematically analyzed the open-ended questionnaire items
following the guidelines by Braun and Clarke [6]. We formed features based on the answers by the
participants in the questionnaire item Q4. After the items were labeled with features, we grouped
them into higher-level themes which reflect important spatial features, as shown in Table 2. The
labeling was done by the first author, followed by discussions of the labeling among authors until a
consensus was reached [35]. The three themes that were the outcome of the thematic analysis are
as follows:

Subjective presence. Being in space is first and foremost an embodied experience. Experiencing
the space around us is mediated by our sensory system, and space is perceived in a myriad of ways
depending on the person’s body, history, and culture. The importance of senses was grasped by
participants: “Most important for me is to not have everything too close together, makes me feel
claustrophobic and also it can’t be too busy, overwhelms the senses” (female, 44). This is in line
with Alexander [2], who claims that negative aspects of the space seem to present themselves more
clearly than the more elusive positive aspects. This was also captured in some of our responses:

“Noise from people usually is the most offputting in a space, then objects like banging
doors or chairs that grate on a floor surface. Electronic beeps or tannoys. Next would
be lighting. A flickering light or too dark a space I don’t like. Equally bright spotlights n
the wrong place, eg a hairdressers where you look up and the spotlight glare down into
your eyes. Smells unless truly unpleasant are generally tolerated ok by me.” (female,
45)

Structural aspects. The space around us has physical characteristics which shape our experience
of the space. Darker rooms appear smaller, certain types of stone walls can seem lightweight, and an
opening in a forest can feel inviting or dangerous. Aspects of natural light and sensible organization
of space were important shared experiences between participants, as exemplified by one response:
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Table 2. Spatial features and their relevant themes from Study 1.

Subjective
presence

Structural
aspects

Active
involvement

Comfort Accessibility Activity
Feeling Color Interaction
Light Distance Navigation
Perception Form/Shape People
Safety Furnishing
Senses Layout
Time Openness
Visual Scale

Size
Surroundings
Textures

“Natural light, multiple view points/vistas, access/exit routes, sense of space, pattern, texture, colour”
(female, 46). Further, evaluating the structural aspects of the space is essential for accessibility, as
stated by a participant who had clear requirements for the structure of the space:

“I’m a wheelchair user so being aware of a sense of space is very important as I need
to assess the space to determine if it is accessible. I need to look at how level the floor
is, are there inclines and/or steps, are doorways wide enough, is there enough distance
between furniture to get my chair through.” (female, 51)

Active involvement. Being in a space is acting in a space. You can enter a space, leave the space,
and function in the space. You can interact with the space, or other people in it. The social function
of spaces creates an important layer of spatiality “I notice the people around me and pay attention
to what people are doing in my space” (female, 34). Hall [20] emphasized the role of smells in social
contexts, especially in smaller spaces, which was also present in answers, e.g.: “Smells are a very
big aspect of confined spaces” (male, 46). Being able to adjust your surroundings to your liking is
seen as important, allowing for a sense of freedom and agency, as stated by one participant:

“I think one of the most important feature of a spatial experience is the ability to
actually be able to move around freely in that set space. While a space may have it’s
purpose the ability to move around and not feel trapped or encumbered is something
that can change any space from being okay to great. Secondly it would be the ability
to personalise said space as that also adds a touch of ownership to it, which in turn is
to give someone more responsibility for looking after the space.” (male, 21)

3.3 Rank-Ordering the Spatial Features
We wanted to understand the relative importance of the spatial features identified in the first ques-
tionnaire. For this, we deployed another questionnaire using Prolific as our source of participants.
We used 25 of the most frequent (i.e. how many times they occurred in user answers after the
qualitative analysis and tagging) spatial features (see Table 2). We asked the participants to rate the
importance of each feature in for describing their spatial experience, using a 7-point Likert item
from “1 - Not at all important” to “7 - Extremely important.” The item order was randomized for
each participant.
We recruited 101 participants from Prolific using the same qualification criteria as previously.

Participants were paid UK £0.30 for completing the study. The average time taken to complete
the study was 3.11 min (𝑆𝐷 = 1.95 min). We manually paid bonuses for participants who took
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longer than expected, bringing the average hourly wage above UK £10. The participants (52 male,
48 female, 1 undisclosed;𝑀 = 31.0 years, 𝑆𝐷 = 8.9 years) were from mostly-European countries
(UK 18.8%, Poland 16.8%, Portugal 10.9%, Germany 8.9%, Greece 8.9%, Italy 5.9%, US 5.9%, Spain 5%,
Hungary 4%, Estonia 2%, Ireland 2%, Mexico 2%, Sweden 2%, and other countries (7%)).

3.3.1 Results. The rating of importance resulted in the spatial features depicted in Figure 2. A
Kruskal-Wallis test showed a statistically significant effect (𝜒2 = 281.53, 𝑝 < .001, 𝑑 𝑓 = 24) in the
importance ranking of the spatial features. The five most important features were, in descending
order, safety (𝑀 = 6.08, 𝑆𝐷 = 0.98), cleanliness (𝑀 = 5.91, 𝑆𝐷 = 1.16), comfort (𝑀 = 5.83, 𝑆𝐷 = 1.11),
feeling (𝑀 = 5.71, 𝑆𝐷 = 1.29), and light (𝑀 = 5.7, 𝑆𝐷 = 1.21). These are from the subjective presence
and structural aspects themes. It is notable that the mean values of all of the features were perceived
positively.

Fig. 2. The mean values of the perceived importance of spatial features arranged from least (1) to most
important (7) and colored based on the thematic groups found in Study 1. Vertical lines represent the standard
deviation value for each feature. “Subjective presence” was found to be generally more important than the
“Structural aspects”.

4 STUDY 2: IN-SITU EXPLORATION INTO PERCEIVED SAFETY IN SPACES
Given that safety was the highest-ranked spatial feature, we wanted to explore what makes a space
(un)safe and how to potentially leverage safety as a design affordance: How to design technologies
that can either capture the felt sense of safety or technologies to make spaces safer?

4.1 Study Design
We conducted semi-structured field interviews in different locations following Woelfer et al. [51]
research on situated safety and technology usage. Using a similar approach, we did not provide the
participants with our definition of safety, but we let the participants form and describe their own
understanding of safety. To understand safety at different times of day and to provide a different
context for the interviews and thus increase the external validity of the results [44], we conducted
some of the interviews during the late evening.
Prior to the actual interview, the participants filled in a short questionnaire. The questionnaire

and interview topics are shown in the Table 3. The interviews were based on the following two
themes: 1) situated safety and 2) technological speculation. The questions 3 – 6 are quantitative
measures for understanding situated safety (see e.g. [42]) and the rest of the questions provide
qualitative insights in the interviews. HCI as a research field is always looking into the future of
developing new technologies, and to this end, speculative design has been proven to be one method
for obtaining future visions for design [13]. In this vein, to provoke the participants’ imagination
for technology speculation and data collection, we used a speculative design method [13, 23, 48]
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where a physical prop was given to the participants to come up with ways it can capture or improve
their sense of safety. We used a simple black cube as a prop, as depicted on the right in Figure 1.
We hoped this approach would also be helpful toward our own long-term goal of being able to
computationally capture and convey spatial experience. We note that such a prop in speculative
design is not meant as a specific device that people design applications for. Rather, its role is a
"magic device" that gets people started thinking without design or other mental constraints, as is
evident from our results too (discussed later).
The interviews were conducted in the country’s native language to ensure participants could

express their experiences in as much detail as possible. The interviews were recorded, transcribed,
and translated for analysis by the first author. The analysis followed the same thematic method
proposed by Braun and Clarke [6] as in the open-ended questions in Study 1.

4.2 Participants and Locations
We used purposive sampling [15] to select participants from specific locations. We interviewed 19
participants at different times of day and in different locations, and after review we excluded one
participant due to incoherent responses, leaving us with 18 participants to focus on for analysis.
The interviews lasted between 4 and 20 minutes (𝑀 = 7min 35s, 𝑆𝐷 = 4min 10s). The participants’
experience with perceived safety varied, which is shown in the interview durations as well. The
participants were between 19 and 72 years old (𝑀 = 34.1, 𝑆𝐷 = 18.4 years), 8 participants (44%)
were male, 9 were female, and 1 non-binary. The participants were rewarded with a 6€ coffee
voucher for the interview. The interviews took place in four different locations around the city
center, each during the day (around 1 pm) and in the late evening (around 9 pm), resulting in eight
unique situations. Two of the locations were indoors (a café and a shopping mall) and two were
outdoors (city center and a park). The study was approved by the institution’s IRB and we obtained
permission to conduct interviews in these different locations.

4.3 Results
4.3.1 Questionnaire results. The questionnaire results show that the participants (𝑁 = 18) feel
relatively safe overall as depicted in Figure 3. There was a significant effect (𝑡 (24.2) = 2.77, 𝑝 = .01)
in safety during the day (𝑀 = 6.17, 𝑆𝐷 = 0.62) compared to safety during the night (𝑀 = 5.22,
𝑆𝐷 = 1.31).

While the sample size of the interviews does not allow for a thorough quantitative analysis, it
served as useful background for the interviewees and their subjective experiences.

Fig. 3. The questionnaire aggregate results on a 7-point Likert scale (1 extremely unsafe - 7 extremely safe)
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Table 3. Interview items. Note that item 5 depends on the current time of day: during the day, we asked
about the night, and vice versa.

Phase Topic Questions Type
Introduction Intro Introduction and consenting to the study Agreement

Pen-and-paper
questionnaire

Background
questions

1. Age Text
2. Gender Text

Situated
safety

3. How safe do you find this space right
now?

7-point Likert (ex-
tremely unsafe -
extremely safe)

4. How safe do you find this space in gen-
eral?

7-point Likert (ex-
tremely unsafe -
extremely safe)

5. How safe do you find this space [at
night/during the day]?

7-point Likert (ex-
tremely unsafe -
extremely safe)

6. How safe do you find your neighbor-
hood?

7-point Likert (ex-
tremely unsafe -
extremely safe)

Recorded interview

7. Do you come here often? Text
8. Have you ever avoided this space?
Why?

Text

9. What contributes positively to your
feelings of safety in this space right now?
Why? What about in general?

Text

10. What contributes negatively to your
feelings of safety in this space right now?
Why? What about in general?

Text

Technology
speculation

11. Here we have a magic device. Us-
ing your imaginationwithout limitations,
how could this piece of technology cap-
ture your sense of safety?

Text

12. How could the device improve your
sense of safety?

Text

13. If this magic device were to exist, in
what situation would you find this tech-
nology useful?

Text

Wrapping up 14. Anything else that comes to mind? Text
Follow-up study Follow-up

study
15. Do you want to take part in a follow-
up study? If yes, please write down your
email address.

Agreement

4.3.2 Interviews on Feeling of Safety. Overall, aspects of the perception of safety are experienced
very differently across participants: some focused on the physical aspects, some on the mental
aspects, one talked about bicycle traffic, one talked about the higher-level concept of safety in terms
of trust. Combined, these interviews highlighted several important aspects in the perception of
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safety. Safety was partially affected by the space through good visibility, the presence of people,
and person’s own subjective experiences.

Visibility in the surroundings was a factor that came up in multiple interviews, and it was found
to be connected to the amount of light. Space that affords long sightlines and sufficient lighting
improves the feeling of safety. In short, light brings things to light, which was expressed by an
interviewee as: “Overall, I find that light affects safety. It brings the feeling that I can see.” (male, 27)

Although we hoped to extensively also interview people at night, we found this to be rather diffi-
cult: nighttime was clearly perceived as less safe, perhaps due to the darkness, and the approaching
researchers were, in some sense, not a compelling prospect to engage with. Curiously, during the
night the participants seemed to find the design speculation task to be quite difficult in comparison
to daytime.
Characteristics of people, whether self or others, were clearly an important factor of safety in

space. Several participants explicitly stated, and it was seen in the interview answers as well, that
gender plays a role in the perceived safety. Accordingly, one participant noted that:

“As a man I don’t really feel that kind of threat. Or that there’s areas or times of days
when you feel threat. Or even during the day” (male, 27).

In terms of physical aspects, two participants stated that a persons’ size matters as well: taller
people do not find safety as much of an issue as shorter people. This might be due to the implication
of size to physical strength. An interesting insight was that even the demography of the people
in the space affects your safety: “If the place is full of 40-yo men, a 20-yo woman is seen a bit
differently, so the demography matters. Here there’s an even mix of all kinds of people” (non-binary,
32). The space is not evaluated only through its physical dimensions, but also who is present, and
how similar the others are to yourself.
Information affects the experience of safety as well. Social media and news were found to be

one factor. The “constant feed” of news affects how you perceive spaces, and for example, one
participant noted that when news of a bomb threat came out, he avoided the space for some time.
Even though we did not set out to purposefully focus on the effect of the COVID-19 pandemic, it
came up in almost every interview, in one way or another. Some did not find the pandemic to affect
the felt safety of the given space too much, but many people were concerned about the general
hygiene of public spaces. A café shift manager focused on hygiene as the first aspect of safety. It is
notable though that at the time of the interviews the city had a very low number of daily COVID-19
cases and there were no restrictions on, e.g., opening hours or other business limitations.
The interviews uncovered distinct potentially quantifiable aspects to safety. These include

visibility in a space, size of the space, amount of light, time of day, amount of other people, physical
aspects of other people, gender of self and others, and presence of authorities. Factors such as
ingesting the news feed are more difficult to quantify, requiring an understanding of the topic and
its effect on the person. The quantified features allow for the development of safety-aware systems
with greater accuracy as compared to one without an understanding of human factors.

Our interview findings with the previous studies lead to a vertical slice of spatial understanding.
The result of this is shown in Figure 4. Explication of these features allows for an understanding of
several levels of abstraction. The themes found in the Study 1 carry over into the lower-level features
and it is notable that in the case of safety, which was themed as “subjective presence,” its features
are not limited to that theme. In other words, the spatial experience consists of interconnected
features affecting each other.

4.3.3 Design speculation. The task of speculating how technology could be developed to improve
safety brought up interesting insights into how people experience spaces in terms of safety. The
results from the design speculation can be described in the following categories:
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Fig. 4. Overview of spatial understanding. The various spatial features are color coded based on the themes
found in the first study.

Physiological and psychological measurement. The participants considered heart rate, hor-
mone levels, adrenaline levels, blood sampling, microexpressions, speech patterns, and anxiety
levels to serve as a predictor of perceived safety, or more accurately, feelings of lack of safety. This
was expressed by participants as “Heart rate and blood samples and hormone measurements. So
the physiological aspects of safety. States of fear, stress reactions” (male, 27) and “It could see that I
am nervous. So it could watch my faces what is my reaction, way of talking, heart rate” (male, 26).

However, participants found difficulties with measuring these aspects reliably: “First, heart rate,
but it might be unreliable [to measure]. There are cafés around here, and at least for me, coffee
raises my heart rate. Maybe also level of anxiousness, there’s probably something you can monitor.
But I’m anxious normally so it might not be something to do with safety.” (non-binary, 32) and:
“Mental stuff you can’t really measure. Or at least, is it meaningful to measure them, can you
compare psychological or subjective experiences? Can you form any kind of data out of them?”
(male, 27). These responses indicate that the chosen measurement method needs consider possible
confounding factors to reflect the actual feeling of safety.

Environment assessment. The surrounding environment, whether space or other people, was
seen as beneficial to assess. Temporal aspects were brought up as well in terms of the past: “What
kind of people are around you, and what has happened before.” (female, 20), and the future: “A
camera which could see the future, maybe, if it’s safe there. So you could know if a place is safe
before you go there” (female, 26). One participant, who worked as an event producer, found use for
counting masses to ensure safety:

“For example in shopping malls you could count the amount of people, which would
help to control the masses. Not so much as who are in the space, but how many, and
does it form a mass of people. It’s a different thing if there’s a lot of small groups or a
mass of people.” (female, 24)

Communication device. Overlapping with the existence of mobile phones, the ability to com-
municate was easily grasped and seen as very useful. Being able to communicate was a method to
avoid being alone in a situation. The communication can be towards other people, or authorities,
such as staff or security personnel. These types of devices were seen to increase person’s autonomy,
as exemplified by one participant:
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“It could send a message to authorities if I am attacked. But haven’t thought about
using one of these. If you would use it, you might learn to think that you don’t need to
survive a dangerous situation alone.” (male, 61).

Self-adjustment tool. The ability of the technology to guide and advise was seen as beneficial
for some. Some even found use in subliminal control, where the technology could adjust your
thoughts or guide your paths towards safer areas, as stated by one interviewee:

“If it could do anything, then maybe it could read my thoughts and guide me to safer
routes. To make safer choices for me. Or if it could talk it could advise me.” (male, 37)

5 DISCUSSION
5.1 Human Scale Spatial Experience
In this article we set to advance the collective understanding of the individual features that people
find as important in constructing their overall subjective understanding of a space. As artificial
intelligence, augmented reality and other ubicomp technologies in our built environments prolif-
erate, such contextual understanding is an evergreen and high-impact research direction in HCI
[1]. The way how humans appropriate and subjectively create meanings for spaces makes their
investigation far more complex than simply measuring their physical characteristics [12]. For
example, the presence of other people in a space is a factor in how the space is experienced. For
some, such presence means a threat and for some others, it could mean safety. Yet, it is a feature
that we must learn to model, should we want to create methods for HCI to understand spaces better.
To draw in influences from the field of architecture, all this echoes the statement by Pallasmaa,
where spaces are experienced in a holistic fashion:

“Indeed, the immediate judgment of the character of space calls for our entire embodied
and existential sense, and it is perceived in a diffuse, peripheral and unconscious manner
rather than through precise, focused and conscious observation.” [41]

In our study the features we found as the most important (e.g. safety, cleanliness, comfort, feeling,
and light) are partially in line with the syntactical set of Kuliga et al.’s word pairs [29]. The word
pairs align well with the theme of “structural aspects”, except “safe–unsafe”, which belongs to the
theme of “subjective presence”. Also, the themes resulting from our thematic analysis coincide with
space syntactical categorization of three interconnected aspects: physical, spatial and social [22].
Consequently, our findings support the set of themes in the emergence of HBI: physical–material,
spatial–configurational, and social–cultural [1].

5.2 Toward Safety-Aware Technology
Safety emerged as the most salient spatial feature that people found as important in experienc-

ing spaces. Prior work on what induces fear in an urban context documented darkness, contexts
of potential accident or theft, and unfamiliar male presence. Conversely, factors reducing fear in-
cluded: personal indoor environment, my local, access to responsive authority, presence of friends/co-
workers/family, and personal device engagement [4]. In line with these results, our participants
found their home environment safer than public spaces, which is understandable through concepts
like defensible space, which elucidates how the person’s control over the design of their dwelling
can afford better protection [38]. In contrast, people have less control over the qualities of public
spaces.

To build on the added understanding on safety, we introduced an element of technology specula-
tion here to hypothesize the ways technology could be used to improve and capture safety. We
gained insights into technology potential in different age groups. Where younger people seemed
to be more positive towards using new technologies for their safety, older people did not find the
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technology speculation to provide many useful outcomes. In this sense, the role of technology is
notable, as the digital nativity places people in different skill levels. Anecdotally, one senior citizen
felt that they do not need to be concerned about safety or technologies to improve it: “No I don’t
believe in that kind of stuff. In this age, I don’t need anything like that” (female, 72).
Technology resistance is always inevitable. Even so, given how safety of spaces clearly is a

major element, it only makes sense to explore how to design with that in mind. In our Study 2,
the participants had wildly differing aspects of what affects overall safety and even to what safety
means to them (physical, mental, traffic, etc.) A lot of technologies already focus on e.g. making
traffic safer, but perhaps there is an interesting opportunity here to explore how to make spaces
psychologically safer through technologies? Here, ideas such as knowing "what kind of people" are
around you or awareness of the history of a place could be worth investigating.
5.3 Developing Spatial Technology
We outlined different facets of spatial experience and technological speculations of spatial systems.
An important consideration is, then, where could one apply such captured spatial experience
beyond academic knowledge? Using the spatial understanding as the basis, interaction design
can provide new opportunities for future technologies. All this added experiential knowledge
is useful in designing future spatial technologies. For instance, when we sought to dive deeper
into understanding the perceptions of safety specifically, our technology speculation process
resulted in four groups: physiological and psychological measurement, environment assessment,
communication device, and self-adjustment tool. Already for these four groups alone, we can see a
lot of potential for developing new spatial technologies. It is not difficult to imagine a telepresence
solution that lets people explore spaces in far more detail than is currently possible prior to actually
entering the space. Or, imagine a mobile solution that increases people’s autonomy in an automated
way and keep the owner safe in different potentially dangerous situations, as was suggested among
our speculation.
But before such technology can be designed, we argue there is a pressing need for more agile

ways to capture the subjective constituents of spaces. Existing approaches for gathering spatial
experiences provide only limited expressivity for users, as the approaches focus on eliciting a
limited number of factors from the crowd. As an example, Google Maps Places features star ratings,
user-contributed images, and textual comments for places. The simple star rating system misses
the finer-grained subjective impressions by people, based on all their senses. Further, this data is
aggregated on a scale that is focused on locations and businesses, but not on the human scale, in
smaller spaces within a location. In this article, we conducted a type of "manual process" on curating
this information. Based on that alone, we can propose certain guidelines for spatial technology
developers.

5.4 Guidelines for Developing Spatial Technology
Synthesizing our findings and experiences in the studies, we propose certain overarching guidelines
for designing spatial technologies.

Account for varying subjective experience. Spaces are experienced in the first point of view,
and the subjective understanding and feelings of the surroundings are accordingly varied. Factors
such as one’s body, history, and cultural background all affect the subjective understanding of a
human scale environment. In our study we found some participants emphasizing spaciousness,
while some focused on the sensorial qualities and how they are affected by them. In other words,
different people focus on different aspects of space, but they also can experience the same aspect in
different ways. These subjective viewpoints are a challenge that must be taken into account or at
least recognized as potential factors in designing spatial technology.
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Acknowledge different dimensions of spatiality. How does the technology support and
affect the themes of spatiality found in our study: subjective presence, structural aspects, and
active involvement? The themes provide practical lenses through which technologies can be
further examined already prior to implementation. Further, these themes can act as a starting point
for developing new technologies or cross-discipline communication, as they cover the wide and
nuanced range of human spatiality.

Facilitate diversity. Accounting for diverse users is not a novel idea. However, with spatial
technologies, there are distinct types of considerations for facilitating diverse users. As exemplified
in Study 1, a person using a wheelchair has a different subjective experience of the space in
comparison to an able-bodied person, even if the physical aspects, i.e. accessibility, would be
perfectly accounted for. Similarly, in Study 2 we also found that female participants experienced
nighttime as being more dangerous compared to males, leading to the female forming habits they
exhibit in those spaces for maintaining safety. We also uncovered how visibility affected a person’s
safety perceptions, which can be understood on one hand through the person’s visual capabilities,
but on the other hand in the quality of lighting in the space. These findings highlight how users have
different capabilities for e.g. spatial navigation, cognitive assessments, and sensorial experiences. In
a way, this paves the way for spatial accessibility in the subjective dimension, and we argue that
the personal experiences of the individual can be considered as design materials when creating
future spatial technologies.

Support human safety, autonomy, and privacy. Spatial technology should support users’
safety, autonomy, and privacy. Related to this, in the interviews we found visibility to be important
for the feeling of safety. This is relevant for example for augmented reality applications, where
obstructions by the user interface can limit visibility. Further, participants found great use from
being able to contact others when a space feels unsafe, and thus in one way bringing others into
our spatial realm even remotely has its uses. This is in line with Sloterdijk [47]: “Someone on the
telephone — that is always a distant life rendered present.” However, we also found people valuing
their autonomy high in public spaces, which requires careful consideration of the values of spatial
technology. Putting our results together, however, safety autonomy and privacy seem to be core
values for spatial technology that should be always considered carefully.

5.5 Interactions in Architecture
Given the centric role of context in designing applications [10], spatial experiences should be at the
core of the design process when developing solutions for the human scale. In architectural design,
these same arguments have been echoed by e.g. Takeuchi [49]: the introduction of ubiquitous
systems into architecture benefits from deeper integration, allowing HCI tools and methods to
influence the built environment. We argue that interactive spaces, media architecture, HCI, and the
built environment can come together moremeaningfully through understanding human perceptions
of spaces. For instance, in our work the structural aspects and active involvement are intertwined:
when we create spaces, we shape ourselves in return. Indeed, the symbiotic relationship between
humans and spaces is inseparable. “Space . . . belongs to humanity like a limb” stated Bollnow [5].
Developments like organic architecture [37], sprayable user interfaces [50], and spatial augmented
realities [45] provide new interaction potentials for being in a space.
Although interaction design often focuses on visual and tactile senses, the benefit of multi-

sensorial understanding is acknowledged, as highlighted by the theme of subjective presence in our
findings. Related to this, e.g. the OSpace project by Dmitrenko et al. [11] studied the possibilities of
an olfactory interaction space with a scent-delivery system. Unique to the sense of smell, interaction
space is inseparable from architectural space while being highly subjective since scents are closely
linked to memories and personal meanings [34]. In terms of touch, Brauner et al. [7] researched
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furniture-embedded sensors for textile interactions and found that users appreciate the hedonic
qualities and attractiveness over functional purposes. While modern devices provide only limited
tactility, there is potential for many of the highly subjective senses and experiences of humans, as
they can alter our perception of time and space and be used as design materials in architecture.

5.6 Limitations and Future Work
We acknowledge limitations in our study. First, in the second study we focused on the experience
of safety in a single city. As spatial experiences are subjective and partially formed by culture [20],
we cannot claim our results to generalize well across all geographical areas or cultures. Second,
we note that our studies were conducted during the COVID-19 pandemic. This might affect the
results, as in the second study the COVID-19 pandemic was present in the participants’ answers.
For instance, a participant noted good hygiene in a café specifically as a pandemic-related concern,
which suggests that the pandemic has shifted the perceptions of safety in some spaces. The first
study was more generic in nature, and we did not notice any indication or mentions of the pandemic
having an effect on what constituents of a space people perceive to matter. Third, in the studies, we
did not use validated scales. Our primary goal was to explore open-endedly people’s perceptions of
what are the key spatial features that help people form an understanding of space. We were unable
to find suitable questionnaires for this, and moreover, the analysis is mostly qualitative. We argue
that the questionnaire was successful for this purpose, and hope to see novel scales emerge for
spatial understanding e.g. in the field of Human-Building Interaction.

The ongoing COVID-19 pandemic is not only a potential limitation in study validity but presents
a research opportunity. What is the role of the pandemic in spatial safety perceptions? This is
related to cultural diversity as well. The pandemic is being treated by public health organizations
differently across different regions, further amplifying the effect it may have on the perceptions of
individuals. Replicating our study in different locations would be beneficial in learning how subjec-
tive constituents of spaces differ across different cultures and regions, and how these differences
interact with pandemic measures by authorities. Further research could also investigate ways to
weave the added knowledge of how humans perceive spaces into interaction design on the human
scale. To this end, our own ongoing work focuses on building a bespoke mobile crowdsourcing
solution that can produce and aggregate subjective data on spatial constituents of arbitrary spaces
with geofencing and experience sampling. Doing so, we hope to contribute a method to form a kind
of subjective spatial experience snapshot, which can then be explored with interaction designers as
contextual knowledge for new applications and situated services.

6 CONCLUSION
We presented a two-part study on spatial experience. Our work serves as a step towards a better
understanding of human scale spatial experiences to supplement prior literature focused on the
larger level of cities and urban environments. The analysis of the subjective spatial features revealed
three spatial themes (subjective presence, structural aspects, active involvement) and five important
features (safety, cleanliness, comfort, feeling, and light). We found that the visibility, presence of
others, and subjective experiences are major constituents of perceived safety. Design speculation
resulted in four categories (physiological and psychological measurement, environmental assess-
ment, communication device, and self-adjustment tool) and insights on how technology could be
developed for safety-aware systems. Our work represents a vertical slice of spatial experiences
resulting in a subjective explication, providing new grounds for spatial research in HCI and HBI.
Further work on spatial experiences should take into account the various aspects of being in spaces,
and how they are experienced on the human scale.
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